Introduction
Hepatitis B virus (HBV) chronically infects roughly 350 million people worldwide. Chronic hepatitis B is the well-known outcome of the disease [1, 2] whereas severe acute hepatitis B (SAHB) is an insufficiently described clinical entity. [3] The transition between mild outcomes of disease and fulminant hepatitis, and criteria for diagnosis are somewhat equivocal. Patients with recently acquired HBV infection who are likely to progress to acute liver failure are said to have SAHB. [4] Hepatitis guidelines do not present enough clinical data to indicate whether anti-viral therapy for SAHB increases the rate of seroconversion;
for this reason, we performed a study to assess the impact of lamivudine or entecavir on the evolution of SAHB. Nowadays, given the current knowledge, designing future randomised placebo-controlled trials for SAHB could be considered unethical, and comparative efficacy trials would rather be more adequate. However, this was not the case when this particular study was designed: it was conducted at a time when the options available were limited and when data were mainly derived from sporadic case presentations.
The definition used for the study we are reporting was based on the clinical and biochemical characterisation of the outline of disease seen in Romanian patients: "A marked deterioration of hepatic function in patients with recently acquired HBV infection, translated into an alanine aminotransferase (ALT) >5 times the upper normal limit plus a prothrombin concentration of ≤36% or an INR >2.0." Recently acquired infection was considered as positive immunoglobulin M (IgM) hepatitis B core antibodies (anti-HBc).
At the time when the study was designed, field literature was scarce in data regarding anti-viral therapy in SAHB. [5, [8] [9] [10] [11] Recent updates in hepatitis B guidelines [12] do mention the possible use of anti-virals in protracted SAHB and that treatment should be continued until hepatitis B surface antigen (HBsAg) clearance is confirmed [13] or for at least 3 months after seroconversion to hepatitis B surface antibodies (anti-HBs). However, to date, there is still no precise indication as to which patients would benefit from anti-viral therapy in SAHB, field literature presenting isolated clinical cases [14, 15] rather than complex, randomised studies, on representative patient groups. [6, 16] The hypotheses of our study were: (1) Does HBV-specific anti-viral therapy correlate with recovery from SAHB? and (2) Does it limit the progression to chronic hepatitis B?
This was a prospective, open-label study conducted in Romania, evaluating the efficacy of anti-viral treatment in patients with SAHB. The study was performed at the Institute over the course of 4 years (May 2005 to May 2009), and it included 200 patients with SAHB. The main viral genotype circulating in Romania during the time span of the study was genotype D, as shown by the Romanian epidemiology data for HBV infection. The initial study design stipulated random allocation of patients into two study groups: a lamivudine treatment group and a control group. Over the course of the study, in the beginning of 2007, entecavir became available as specific anti-viral therapy for hepatitis B in Romania, so we amended the protocol to include a second treatment group, for entecavir, based on an algorithm for continuing randomisation.
Sample size
For a statistical power of 90%, the initial sample size was calculated at 160 using Altman's nomogram [17] and a standardised difference calculated at 0.4. To our knowledge, no standard deviation is available for the primary outcome, and since a literature review revealed no similar studies in comparable populations, we calculated it based on estimated proportions, as indicated by Whitley and Ball. [18] Randomisation A computer-generated list of random numbers was used. We initially applied simple, 1:1 randomisation, followed by an algorithm for continuing randomisation once the second treatment group was included. Given the different formulation and appearance of the administered drugs (lamivudine comes as oval-shaped, white tablets and entecavir as triangular, blue tablets) and the individualised nature of the usual care administered in the control group, masking could not be performed and patients and physicians were aware of the allocated groups. However, our data analysts were blinded to the allocation.
Participants
Eligible participants were adults diagnosed with SAHB as described above, by: positive serum HBsAg, IgM anti-HBc, active viral replication (detectable HBV-DNA), hepatic cytolysis (five times the upper normal limit of ALT); prothrombin concentration ≤36% or INR >2.0; a negative serum pregnancy test was required for female subjects of fertile age. To exclude reactivations of chronic HBV infection and ascertain the acute status of infection, subjects were also required to present a previous negative screening test (HBsAg) not older than 6 months.
Exclusion criteria were: superinfection or co-infection with hepatitis D virus, hepatitis C virus, Epstein-Barr virus, cytomegalovirus or HIV; [19] other causes of acute hepatitis; [20] [21] [22] history of prior exposure to study drugs; hepatic diseases such as: Wilson's disease, alcoholic steatohepatitis, autoimmune hepatitis; signs of chronic liver disease; obstructive or haemolytic malignant jaundice; systemic causes of prolonged prothrombin time; intravenous drug use; history of drug hypersensitivity; any other condition (including alcohol or substance abuse) or prior therapy that could make the subject unsuitable for the study or unable to comply with dosing requirements.
Prior to inclusion, all patients gave their written informed consent to participate in the study. The study protocol was in line with the ethical prerogatives of the 1975 declaration of Helsinki and respected the Good Clinical Practice standards. The study included one clinical site and received approval of the Review Board and the Ethics Committee of the Institute for the study protocol and the informed consent forms.
Interventions
Group 1 received the standard of care (SOC) for SAHB + lamivudine (GlaxoSmithKline, UK), 1 tablet of 100 mg orally once daily, at the same time of day. Group 2 received SOC for SAHB + entecavir (Bristol-Myers Squibb, USA), 0.5 mg orally once daily, at the same time of day.
For both treatment groups, in case of HBsAg to anti-HBs seroconversion or occurrence of serious adverse events (SAE), anti-viral therapy was to be stopped earlier than Indian Journal of Medical Microbiology vol. 34, No. 2 intended. The maximum intended duration of administration was 24 weeks; however, patients who did not clear HBsAg by 24 weeks continued into our chronic hepatitis B program and received the appropriate care, as recommended by the respective guidelines.
We did not use a placebo, Group 3 receiving SOC for SAHB which would include any of the following, according to the individual needs of the patients: hospitalisation, endovenous perfusions with arginine, ursodeoxycholic acid and/or, in case of coagulation issues, fresh frozen plasma.
Outcomes
The primary endpoint was HBsAg to anti-HBs seroconversion by 24 weeks. Additional analyses included assessment of HBsAg clearance and hepatitis B e antigen (HBeAg) to hepatitis B e antibody (anti-HBe) seroconversion.
Outcomes were assessed at several time points after randomisation: at baseline, weekly during the first 4 weeks, at 8, 12 and 24 weeks, with a follow-up visit at 48 weeks. The prespecified time point of primary interest was 24 weeks.
HBsAg to anti-HBs seroconversion was considered an equivalent of recovery from hepatitis B (with the obvious limitation of using this concept in relation to HBV, a virus known to integrate in hepatocytes' genomes). [23] An improvement in the evolution of disease was defined as HBeAg to anti-HBe seroconversion, [24, 25] improvement of coagulation (prothrombin concentration over 60%, normalisation of INR).
Statistical analysis
We used the S-Plus 6 software (TIBCO, Palo Alto, CA, USA) and applied the independent samples Z test for comparing two proportions. In interpreting results, we considered P < 0.05 to be statistically significant. We report the P values for comparisons of treatment groups versus control.
Laboratory exams
HBV-DNA was assessed with Abbott HBV-DNA PCR kit, real-time polymerase chain reaction assay, Princeton, New Jersey, USA: detection limit -27 IU/mL and analytical sensitivity -12 IU/mL. For hepatic markers, we used VITROS 3602 Immunodiagnostic Systems (Ortho Clinical Diagnostics, Johnson and Johnson, Raritan, New Jersey, USA). For ALT, the reference range was 9-52 U/L and for AST, 14-36 U/L (VITROS_1, Ortho Clinical Diagnostics, Johnson and Johnson, Raritan, New Jersey, USA).
Results

Participants
We assessed 249 patients with symptomatic acute hepatitis B for eligibility: 36 were found to be not eligible (not meeting the criteria for SAHB) and 13 met at least one of the exclusion criteria [ Figure 1 ]. A total of 200 patients were randomised into three groups.
The sizes for G1 and G2 were determined by the available quantity of anti-viral drugs that we were able to provide for the study. Local availability and the introduction of entecavir in 2007 were the sole reasons for selecting a smaller group of patients to be treated with entecavir.
Over the course of the study, 6 patients were lost to follow-up. We performed an intention-to-treat analysis that included 69 patients in G1, 21 in G2 and 110 in G3.
We recorded no cases of hypersensitivity to therapy. Nausea and vomiting were recorded in 6 and 4 patients, respectively, in G1, 5 and 3 in G2 and 3 and 2 in G3. These events were mild and did not require stopping therapy. There were no SAEs.
Baseline data
The age distribution was similar in the three groups, with a median age of 37.9 in Group 1, 34.8 in Group 2 and 35.2 in Group 3. The two treatment groups displayed a slight predominance of the male gender whereas the control group displayed a slight predominance of the female gender. The baseline characteristics of the study population are presented in Table 1 .
Primary endpoint
In G1, 7/69 patients (10.14%, Figure 2 cytomegalovirus, ASH: alcoholic steatohepatitis, ITT: intention-to-treat analysis P = 0.032), compared with 9/21 patients (42.85%) in G2 (Z test P = 0.053) and 25/110 (22.72%) in G3.
Clearance of hepatitis B surface antigen
We assessed HBsAg clearance by 24 weeks, as an indicator for preventing progression to chronic hepatitis B. [26] Initially, HBsAg clearance appeared similar but gradually, the three groups displayed different evolutions with different therapeutic implications. We recorded HBs antigen clearance in 16/69 patients (23.18%) in G1 (Z test P = 0.027), 11/21 (52.38%) in G2 (Z test P = 0.256) and 43/110 (39.09%) in G3 [ Figure 3 ].
Hepatitis B e antigen to hepatitis B e antibody seroconversion
HBeAg/Ab seroconversion was recorded in 46/61 (75.40%) in G1 (Z test P = 0.399), 9/19 (47.36%) in G2 (Z test P = 0.001) and 74/100 (74.00%) in G3 [ Figure 4 ].
Viral load
The logarithmic evolution of HBV-DNA in the three groups showed that at 24 weeks, 56/69 (81.15%) of the patients in G1 displayed a decrease with more than 2log at 24 weeks, compared to 14/21 (66.66%) in G2 and 102/110 (92.72%) in G3.
Clinical and paraclinical parameters
The overall clinical evolution was favourable in all groups. In G1, 59 patients (85.50%) displayed normal prothrombin concentrations by 24 weeks, compared with 18 patients (85.71%) in G2 and 101 patients (91.81%) in G3. The differences between groups were not statistically significant (Z test P = 0.09 for G1 and Z test P = 0.42 for G2).
Total bilirubin returned to normal by 24 weeks in 19 patients in G1 (27.53%, Z test P = 0.0001) and 4 patients in G2 (19.04%, Z test P = 0.0005), compared to 25 patients (22.72%) in G3.
AST returned to normal by 24 weeks in 19 patients in G1 (27.53%, Z test P = 0.0002) and 14 patients in G2 (66.66%, Z test P = 0.0024) compared with 55 patients (50.00%) in G3 [ Figure 5 ]. Similarly, ALT values returned to normal in 16 patients in G1 (23.18%, Z test P = 0.0075) and in 10 patients in G2 (47.61%, Z test P = 0.004), compared to 38 in G3 (34.54%).
Follow-up
We recorded evolution towards chronic hepatitis B in 62/69 patients (89.86%) in G1, 12/21 (57.15%) in G2 and 85/110 (77.28%) in G3. Follow-up data at 1 year showed 5.79% mortality (4/69) in G1, 4.76% (1/21) in G2 and 4.54% (5/110) in G3. 
Discussion
Local findings
A more consistent HBs seroconversion was registered in G2 -entecavir treatment -(42.85% vs. 10.14% in G1 and 22.72% in G3), despite the fact that viral load decrease appeared to be less prominent in this group. When analysing the primary endpoint in Groups 1 and 3, we noticed a selective inflexion pressure at week 4 (possibly explained by precore mutations). This data [ Figure 2 ] appears to correlate with the study of Kumar et al. [6] who reported a statistically significant decrease in HBV-DNA levels in the lamivudine treatment group at week 4 compared with the control group, advantage subsequently lost after week 4.
Based on this data, we can infer that entecavir might bring a certain therapeutic benefit in SAHB, with a rate of HBsAg clearance of 52.38% in G2 compared with 39.09% in G3, P = 0.256. Lamivudine displayed an initially beneficial effect on HBsAg clearance during weeks 3-8 [ Figure 3 ]. After week 8, however, the curve of HBsAg loss for G1 passed under that of G3 (the natural history of infection). Thus, lamivudine therapy might be beneficial only within a narrow timeframe, up to week 8, subsequently recording an opposite effect -hindering the clearance of HBsAg (P = 0.027).
Viral load dynamics appear to corroborate the idea that the current HBV-specific therapy may not be efficient in this stage of disease (clinically and biologically manifest SAHB). However, there are certain notable differences between groups. A first milestone was week 4 when all groups displayed a decrease of HBV-DNA with more than 2log. A second milestone was week 24, when a 2log decrease was recorded in 81.15% in G1, 66.66% in G2 and 92.72% in G3.
The baseline percentage of HBeAg-positive patients was similar for the three groups: 61/69 (88.40%) in G1, 19/21 (90.47%) in G2 and 100/110 (90.90%) in G3.
Based on the study observation that positive anti-HBe at week 4 correlated with a globally unfavourable response (patients tending to remain HBV positive), it appears that HBV sacrificed HBeAg, permitting induction of anti-HBe [ Figure 4 ], possibly in favour of viral integration; thus, we may hypothesise that HBeAg can play a role as distracting factor to the host immune system. In the light of these findings, we theorise that the evolutionary graph of acute HBV infection could be restructured to include a virologic and an immune component, based on the dynamics of HBs and HBe seroconversions. To provide a maximal practical utility, we also compared the standard and the surrogate parameters cited in field literature. As a result, we redefine the evolutionary stages of SAHB as:
• Extremely early acute virologic response -week 4
• Early acute virologic response -week 8
• Distracting virologic response -week 12 positive anti-HBe • Acute virologic response -week 12 negative anti-HBe • Nonresponder.
Interpreting the reported data, we consider that entecavir could be a suitable option as HBV-specific anti-viral therapy in selected cases of SAHB, as it improved the evolution of patients included in the study, compared to the natural evolution of severe acute infection.
Limitations
We were only able to perform an evaluation for precore mutations at baseline, not upon each evaluation. A certain amount of bias cannot be ruled out, given the small number of participants and the relatively short time of follow-up.
Given the large percentage of HBeAg-positive patients in the three study groups (88.40%, 90.47% and 90.90%), a stratified analysis according to baseline HBeAg status did not yield significant results. Further studies are necessary to determine possible differences To determine whether specific anti-viral treatment in SAHB prevented viral integration in the patients who displayed HBs seroconversion, it would be necessary to perform liver biopsy for evaluating the presence of covalently closed circular DNA (cccDNA). Unfortunately, we were unable to perform this test and therefore, at this moment, we have no data regarding viral integration.
A longer surveillance for the patients included in the study, for at least 5 years, could provide important information regarding the evolution of chronic liver disease or the sustainability of HBs seroconversion. We aim to reevaluate the patients included in the study at a future time and further analyse the follow-up results.
Another limitation is the small number of patients included in G2, this being subject to the timeline of the availability of entecavir in Romania during the study period and to the limited resources, once it did become available. To clearly define the role of entecavir in SAHB, there is a need for further studies, with larger numbers of patients. In 2012, Tillmann et al. [27] mentioned that given the current knowledge, designing future randomised placebo-controlled trials for SAHB would be unethical and rather recommends the design of comparative trials for the efficacy of different antivirals, such as lamivudine, entecavir or tenofovir. Lisotti et al. [15] also warranted further placebo-controlled trials to be unethical in the context of the good evolution of patients with SAHB under specific anti-viral therapy.
National and international current information
Baseline presence of precore mutations, as well as infection with viral genotype D, have both been shown to associate a high risk for fulminant acute hepatitis. [28] This viral genotype can also be partly responsible for the surprisingly low rate of HBs seroconversion that we have recorded in the control group. [29] Another possible explanation for this low seroconversion resides in the nature of the study per se -this was not a population-based screening study and, therefore, the results, unfortunately, cannot closely mimic the natural history of infection.
To put the results of our reported study into perspective, we reviewed the data available in field literature, on the topic of anti-viral therapy in SAHB. No centralised national data are available regarding anti-viral treatment in SAHB; therefore, we turned to international data. Most international clinical reports on lamivudine communicated good results, [5, 7, 8, 11, 15, 30, 31] but the interpretation of data was mostly based on the analysis of biochemical parameters rather than the virological evolution of disease. In 2012, Tillmann et al. recommended lamivudine or other potent antivirals such as entecavir or tenofovir in the treatment of SAHB. [27] One study that strongly advised against the use of lamivudine in AHB was that of Kumar et al. [6] that did not report a significant biochemical and clinical improvement, although lamivudine was correlated with a greater decrease in HBV-DNA. This data corroborates our results, with a greater decrease in viral load in G1 that was not correlated with a higher percentage of HBs seroconversion. Given the conclusions of the only two controlled trials reported so far [6, 16] and in the light of our study's findings, we would rather support the conclusion of Kumar et al. to choose entecavir over lamivudine in the treatment of SAHB.
For the use of entecavir in SAHB, our results confirm the positive findings from other studies [32] [33] [34] [35] [36] although for the time being, we do not have a reasonable explanation for the slow viral load decrease recorded in G2 compared with the other two groups, apart from the inherent limitation of the small number of patients included in G2. This data seems to suggest that HBV-DNA alone may not be suitable to predict clearance of HBsAg and that it should probably be correlated with other parameters when monitoring the evolution of hepatitis B. [37] [38] [39] All these elements need to be taken into account in order to make informed decisions for the management of SAHB. [40] Conclusion HBV-specific anti-viral therapy should be considered an option for managing selected cases of SAHB. Biochemical and virological parameters need to orient the choice of the anti-viral agent. Lamivudine displayed a greater decrease in viral load compared to controls, but it was associated with lower levels of HBsAg to anti-HBs seroconversion. Patients treated with entecavir, on the other hand, showed a better response in terms of HBs seroconversion by 24 weeks.
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